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Abstract: A high-average power, laser-diode-pumped, picosecond-pulse regenerative chirped 
pulse amplifier was developed by using the thin-rod Yb:YAG laser architecture. An average 
output power of 20 W was achieved at a repetition rate of 100 kHz with an output pulse width of 2 
ps.  
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1. Introduction  
For many scientific and industrial applications, the development of high-power ultrashort pulse laser amplifiers is 
required with high-energy, high-efficiency and high-beam-quality output in a compact structure. Several designs of 
Ytterbium-doped laser architecture have been developed for high-power, high-efficiency oscillation and 
amplification, including thin-disk [1-3], microchip [4-6], zigzag slab [7-8], rod [9-12] and fiber [13-16] structures. 
The thin-disk laser utilizes a longitudinal multi-pass pumping scheme to reduce the reabsorption loss and the 
longitudinal cooling scheme to reduce the thermo optic effects. The concept was also applied to a regenerative 
amplifier of picosecond pulses with an average output power of 10.2 W and an optical-to-optical conversion 
efficiency of 16% [2]. A maximum average output power of 62 W at a pulse repetition frequency of 200 kHz with a 
pulse width of around 6 ps has been generated [3]. Ytterbium-fiber amplifiers offer a range of properties such as 
high optical-to-optical conversion efficiency that makes them an attractive efficient source of ultrashort pulses, 
because of their high gain characteristics. A high average output power of 131 W has been achieved with a pulse 
width of 220 fs [16]. A pulse energy of 1.2 mJ with a pulse width of 380 fs has been generated by using a 50-µm 
core Yb-doped double-clad fiber amplifier [14]. An end-pumped thin-rod architecture has been investigated for 
high-average power short-pulse amplification [17-20]. In this paper, high-average power, picosecond-pulse 
performance of the thin-rod Yb:YAG regenerative chirped pulse laser amplifier is presented.  
2. Schematic of the thin-rod Yb:YAG regenerative chirped pulse amplifier  
Schematic of the thin-rod Yb:YAG regenerative chirped pulse amplifier (CPA) system is shown in Fig. 1. The 
rectangular thin-rod Yb:YAG crystal was pumped by two CW laser diodes. The two pump beams were focused on 
each of the both end surfaces of the thin-rod, and they were propagated and confined in the rod. They are tilted from 
the rod axis in order to separate the laser beam from the pump beam and to increase the absorption pass length inside 
the rod. As a result, a uniform pump intensity distribution transverse to the rod axis was realized. Low Yb-ion 
concentration of around 0.5% was used to minimize temperature increase in the rod. The rod thickness is thinner 
than 1 mm which enables the compensation of the thermo-optic distortion due to the high-intensity pumping. The 
cooling structure of the thin-rod is similar to that of the usual thick slab laser. Two parallel side surfaces are placed 
in contact with a heat sink which is cooled by water to remove the heat generated in the rod. A simple temperature 
distribution is induced in the rod by one-dimensional heat flow, which results in a simple thermal-stress-induced 
birefringence and a focusing structure. The simple distribution can make a linearly polarized laser beam parallel or 
perpendicular to the cooling direction. Advantage of the thin-rod structure is in high gain characteristics by long 
gain length compared to the thin-disk structure. Also, the thin-rod structure can generate high pulse energy output 
due to a large gain cross-section compared to the fiber structure. The stored efficiency, which is defined by the ratio 
of the stored energy and the pump energy, is also higher than usual bold slab structure due to small cross section of 
the thin-rod structure. It has efficient cooling characteristics because of large cooling area with small gain volume.  
The chirped pulse laser amplifier system consists of a mode-locked master oscillator, a conventional grating 
pulse stretcher, the thin-rod Yb:YAG regenerative amplifier and conventional gold grating pulse compressor. In the 
experimental setup, a femtosecond pulsed Ti:Sapphire laser was used as the master oscillator with a pulse width of 
150 fs because the spectrum is sufficiently wider than Yb:YAG gain width. The laser pulses of the master oscillator 
were stretched and the spectrum width was cut down to nearly 4 nm by the limits of the grating width.  
In the regenerative amplifier, a BBO pockels cell and thin film polarizer were used for pulse injection and 
ejection. The pockels cell was operated with a repetition rate of 100 kHz. A spherical lens was used inside the 
regenerative amplifier resonator to compensate the thermal-optical distortion.  
3. Experimental results  
From the thin-rod Yb:YAG laser, nearly single-mode laser beam was obtained with around 40 W average output 
power at a pump power of 220 W in the CW laser oscillation. Figure 2 shows an average output power property of 
the CPA system. The maximum average output power was 20 W through an isolator and a pulse compressor with 
gold gratings. A pulse energy of 200 µJ was obtained at a repetition rate of 100 kHz. The autocorrelation trace 
measurement shows that the output pulse duration is 1.9 ps assuming a sech2 pulse shape [Fig. 3 (a)]. Figure 3 (b) 
shows the typical output spectrum obtained at an 
average output power of 20 W. It is centered at around 
1030 nm with a width of 0.8 nm (FWHM). The output 
laser pulse of the CPA system is considered almost as 
the Fourier transform limited pulse. However the input 
spectral width was 3.6 nm (FWHM), the gain 
narrowing was revealed. The gain narrowing 
compensation was tried to obtain shorter output pulse 
width below 1 ps in the near future.  
3. Conclusion  
A thin-rod Yb:YAG regenerative CPA has been 
reported for high-power and picosecond-pulse 
amplification above 100 µJ of pulse energy. The 
output pulse width of 2 ps with 20 W of average 
power from the thin-rod regenerative CPA system. 
The pulse energy was 200 µJ at a pulse repetition rate 
of 100 kHz. The pulse width can be reduced into sub-
ps range by gain narrowing compensation.  
 
(a) 
Fig. 1.(a) The thin-rod Yb:YAG regenerative CPA system. (b) Pumping structure of the thin-rod. (c) Cooling structure of the 
thin-rod.  
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Fig. 2. Output power of the thin-tod Yb:YAG regenerative 
CPA as a function of pump power. 
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Fig. 3.(a) Autocorrelation trace of the output pulses and theoretical fit with a sech2 pulse profile. (b). Amplified output 
spectrum and non-amplified output spectrum from the thin-rod Yb:YAG regenerative CPA.  
